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Foreword 


The  study  reported  herein  was  conducted  under  the  general  super- 
vision of  the  Engineering  Design  Criteria  Branch,  Soils  and  Pavements 
Laboratory,  of  the  U.  S.  Army  Engineer  Waterways  Experiment  Station 
. WES ) , Vicksburg,  Mississippi.  Personnel  involved  in  the  condition  sur- 
vey were  Messrs.  R.  D.  Jackson,  P.  S.  McCaffrey,  Jr.,  and  W.  J.  McKay 
of  the  WES  and  Messrs.  R.  J.  Strong,  H.  H.  Baker,  A.  A.  Downey,  and 
W.  C.  Sayman  of  the  U.  S.  Army  Engineer  Division,  New  England  (NED), 
Waltham,  Massachusetts.  The  main  portion  of  this  report  was  prepared 
by  Mr.  Jackson  under  the  general  supervision  of  Messrs.  J.  P.  Sale, 

R.  G.  Ahlvin,  R.  L.  Hutchinson,  and  P.  J.  Vedros  of  the  Soils  and  Pave- 
ments Laboratory.  That  portion  of  the  study  pertaining  to  frost  action 
was  carried  out  by  the  U.  S.  Army  Cold  Regions  Research  and  Engineering 
Laboratory  (CRREL),  Hanover,  New  Hampshire,  with  the  assistance  of  the 
Foundations  and  Materials  Branch,  NED.  The  section  of  this  report  con- 
cerning frost  action  was  prepared  by  Mr.  Baker  and  by  Mr.  G.  D.  Gilman 
of  CRREL.  Appendix  A was  obtained  from  the  Air  Force. 

COL  Ernest  D.  Peixotto,  CE,  was  Director  of  the  WES  during  the 
conduct  of  the  study  and  preparation  of  the  report.  Mr.  F.  R.  Brown 
was  Technical  Director. 
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Conversion  Factor 


British  to  Metric  Units  of  Measurement 


British  units  of  measurement  used  in  this  report  can  be  converted  to 
metric  uni's  as  follows: 


To  Obtain 


2.54 

0.3048 

1.609344 

6.4516 

0.8361274 

0.45359237 

0.6894757 


feet 

miles  (U.  S.  statute) 

square  inches 

square  yards 

■ unds  (mass ) 

pounds  (force)  per 
square  inch 


square  centimeters 
square  meters 
kilograms 

newtons  per  square  centimeter 


r 


CONDITION  -UP'/EY , LOR  IN G AIR  FORCE  BASE , MAINE 
Authority 

I .  Authority  for  conducting  condition  surveys  at  selected  air- 
fields is  contained  in  amendment  to  FY  1972  RDTE  Funding  Authorization 
(MFS-MC-5,  16  February  1972),  subject:  "Air  Force  Airfield  Pavement 

Research  Program,"  from  the  Office,  Chief  of  Engineers,  U.  S.  Army, 
Directorate  of  Military  Construction,  dated  18  February  1972. 

Purpose  and  Scope 


2.  The  purpose  of  this  report  is  to  present  the  results  of  a con- 
dition survey  performed  at  Loring  Air  Force  Base  (LAFB),  Maine,  during 
27  July-1  August  1972.  The  following  three  major  areas  of  interest  were 
considered  in  this  condition  survey : ^2) 

The  structural  condition  of  the  primary  airfield  pavements. 

The  condition  of  pavement  repairs  and  the  types  of  main- 
tenance materials  that  have  been  used  at  this  airfield. 

'CD  Any  detrimental  effects  of  frost  action  to  the  pavement 
facilities . 


is  limit 


3.  This  report  is  limited  to  a presentation  of  visual  observa- 
tions of  the  pavement  conditions,  discussion  of  these  observations,  and 
pertinent  remarks  with  regard  to  the  performance  of  the  pavements.  No 
physical  tests  of  the  pavements,  foundations,  or  patching  materials  were 
performed  during  this  survey.  The  annual  pavement  maintenance  plan  for 
LAFB  is  presented  in  Appendix  A. 

Pertinent  Background  Data 


General  description  of  airfield 

1.  LAFB  is  located  in  Aroostook  County,  Maine,  approximately 
4 miles*  northwest  of  the  town  of  Limestone,  on  State  Highway  89.  A 
vicinity  map  is  shown  on  plate  1. 


* A table  of  factors  for  converting  British  units  of  measurement  to 
metric  units  is  presented  on  page  vii. 
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5.  In  July  1972,  the  airfield  facilities  consisted  of  a N-S  (19- 
01)  runway,  a parallel  faxiway,  a parking  and  maintenance  apron,  an  ADC 
operational  apron,  SAC  ;J.ert  facilities,  warm-up  aprons,  taxiways  from 
the  runway  to  the  parallel  taxiway,  five  parking  aprons  with  stubs,  a 
calibration  hardstand,  and  hangar  access  aprons.  The  N-S  runway  was 
12,100  ft  long  and  300  ft  wide;  the  taxiways  were  75  or  100  ft  wide;  the 
parking  and  maintenance  apron  was  300  ft  wide  and  3,300  ft  long;  the  ADC 
operational  apron  was  irregular  in  shape;  and  the  warm-up  aprons,  hangar 
access  aprons,  parking  aprons,  and  stubs  were  of  various  dimensions.  A 
layout  of  the  airfield  and  a pavement  plan  indicating  the  type  pavement 
on  each  facility  are  shown  in  plate  1. 

Previous  reports 

6.  Previous  reports  concerning  the  airfield  pavements  at  LAFB  are 
listed  below.  Pertinent  data  were  extracted  from  them  for  use  in  this 
condition  survey  report . 

a.  Condition  survey  reports  : 

(1)  Ohio  River  Division  Laboratories,  CE,  "Condition  Sur- 
vey Report,  Loring  Air  Force  3ase,  Maine,”  "ch  1962, 
Cincinnati,  Ohio. 

(2)  U.  S.  Army  Engineer  Waterways  Experiment  Station,  CE, 
"Condition  Survey,  Loring  Air  Force  Base,  Limestone, 
Maine,"  Miscellaneous  Paper  No.  U-898,  May  19^7, 
Vicksburg,  Mississippi. 

b.  Pavement  evaluation  report s^  These  reports  were  prepared 

by  the  U.  S.  Army  Engineer  Division,  New  England,  CE, 

Waltham,  Massachusetts : 

(1)  "Airfield  Pavement  Evaluation  Report,  Limestone  Air 
Force  Base,  Maine,"  October  19^9* 

(2)  "Airfield  Evaluation  Report,  Loring  Air  Force  Base, 
Limestone,  Maine,"  October  1959* 

(3)  "Airfield  Evaluation  Report,  Loring  Air  Force  Base, 
Limestone,  Maine,"  March  i960. 


History  of  Airfield  Pavements 
Design  and  construction  history 

7 • Details  of  the  design  and  construction  history  of  the  airfield 
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pavements  are  presented  in  table  1.  Pavement  thicknesses,  descriptions, 
and  other  details  are  presented  in  table  2. 
traffic  history. 

8.  Complete  traffic  records  were  not  available;  however,  partial 
records  were  available  for  the  period  1957-71.  Based  on  the  records  for 
•his  period,  the  following  amounts  of  traffic  per  type  of  aircraft  have 
been  applied  a*  the  airfield:  B-47's,  2,800  cycles;*  B-52’c,  24,700 

•yeles;  KC-135'c  and  KC-97's,  25,800  cycles;  heavy  cargo  aircraft, 
C-135'c,  C-124's,  C-lUl's,  and  C-133’s,  11,000  cycles;  C-5A's,  700 
cycles;  and  all  other  aircraft,  81,000  cycles. 

Conditions  of  Pavement  Bur faces 


Pavement  inspection  procedure 

9-  The  following  procedure  was  used  in  conducting  the  inspection 
of  the  rigid  pavements.  Representative  features  were  selected  for  de- 
*. ailed  inspection.  The  features  were  then  inspected  slab**  by  slab,  and 
the  defects  were  recorded.  The  locations  of  the  individual  pavement 
features,  the  inspection  starting  points,  and  the  directions  in  which 
the  pavements  were  inspected  (shown  by  arrows)  are  indicated  in  plate  1. 
The  results  of  the  rigid  pavement  survey  for  those  features  that  were 
inspected  in  detail  are  presented  in  table  3*  This  table  shows  a quan- 
titative breakdown  of  the  various  types  of  defects  and  a condition  rat- 
ing for  each  pavement  feature  inspected  in  detail.  The  procedures  used 
for  determining  the  condition  rating  of  a pavement  are  given  in  Appen- 
dix III  of  Department  of  the  Army  Technical  Manual  TM  5-827-3 j "Rigid 
Airfield  Pavement  Evaluation,"  dated  September  1965 • 

R'tnway 

10.  The  north  (19)  end  of  the  N-S  runway  (features  R1A  and  R2B) 
was  structurally  in  a poor  to  failed  condi^-n.  Of  a total  of  205  major 
defects  in  feature  R1A,  76  (37  percent)  wei?  in  the  100-ft-wide  center 

* A cycle  of  operation  is  one  landing  and  one  takeoff. 

**  A slab  is  the  smallest  unit,  containing  no  joints,  of  a given  pave- 
ment feature . 
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section.  The  remaining  I'.')  defects  were  almost  equally  divided  between 
f.he  east  and  west  100-ft-wide  edges.  Feature  MB  had  a total  of  137 
mayor  defects,  of  which  1 (37  percent)  were  in  the  100-ft-wide  center 
section.  Thirty-four  percent  of  the  defects  wc-re  in  the  east  100- ft - 
vi  i>-  edge,  and  29  perc  *n1  were  in  the  west  100-ft-wide  edge.  The  south 
•nd  of  the  runway  (features  R3A,  R4S,  and  R5D)  was  structurally  in  a 
: oor  to  fair  condition.  The  number  of  ma,:  >r  defects  in  feature  R3A  in- 
creased from  9 to-  73  between  I96I  and  1972.  Feature  R4B  was  in  a poor 
or  failed  condition,  and  feature  R5D,  the  outer  100  ft  on  each  side,  was 
in  only  fair  condition.  Even  though  the  runway  ends  were  in  poor  to 
fair  condition,  they  were  (at  the  time  of  this  survey)  adequately  carry- 
ing the  loads  imposed  on'  them.  There  was  practically  no  displacement  at 
* ue  major  structural  cracks.  The  interior  portion  of  the  runway,  which 
Ls  asphaltic  concrete  (AC),  contained  numerous  contraction  cracks  (both 
transverse  and  longitudinal)  and  had  some  small  isolated  areas  that  con- 
* lined  map  cracking  (photos  1 and  2).  At  the  time  of  the  survey,  the 
area  was  being  heater-planed  to  remove  a series  of  slurry  seals,  and  an 
' overlay  was  being  applied.  Based  on  the  quality  of  the  overlay  ap- 
plied, the  interior  portion  of  the  runway  between  the  1000-ft-long 
Portland  cement  concrete  (PCC)  ends  should  now  be  in  excellent 
condit  Lon. 

- -ixiways 

11.  Taxiway  A from  taxiway  B to  the  dogleg  (see  plate  l)  was  in 
good  condition,  since  a chip  seal  was  applied  during  the  time  of  the 
survey.  The  extension  to  taxiway  A was  in  good  condition  (photo  3). 

The  PCC  portions  of  taxiways  D,  E,  and  F ana  taxiway  G were  in  condi- 
tions ranging  from  poor  to  very  good  (photos  4 and  5).  The  predominate 
defects  in  these  taxiways  were  longitudinal  cracks,  and  more  than  50  per- 
cent of  the  cracks  were  in  the  center  lane . Taxiways  B and  C were  in 
good  condition.  The  AC  portion  of  taxiway  D was  in  excellent  condition; 
it  had  recently  been  overlaid.  The  north  connecting  taxiway,  which  con- 
tained 111  major  defects,  was  in  a poor  to  failed  condition;  however, 
the  facility  was  still  serviceable  since  little  or  no  movement  was  ob- 
served at  the  locations  of  the  major  defects.  Photo  6 shows  some  of 
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n . ioo 1 • nditi  n. 

At rons 


1.'  . The  parking  and  maintenance  apron  west  of  the  apron  taxiway 
v.  i s in  good  condition.  A tar  re.'uvenator  that  sealed  the  smaller  cracks 
an  l partially  filled  the  larger  cracks  was  applied  to  this  area  in  1971 
(photos  7 and  8).  The  area  of  the  parking  and  maintenance  apron  east  of 
the  apron  taxiway  was  in  only  fair  condition;  the  tar  rubber  surface 
contained  many  cracks.  The  north  warm-up  apron  (feature  A1B)  was  in  a 
poor  to  failed  condition.  A total  of  179  major  defects  were  observed  in 
•.is  feature,  of  which  120  were  longitudinal  cracks.  Parkin,"  apron  1, 
which  is  essentially  a taxiway  with  parking  stU'3,  vras  in  fair  to  good 
condition.  The  taxiway  portion  between  taxiways  D and  F had  a chip  seal- 
coat  applied  during  the  time  of  this  survey.  Fhoto  9 shows  the  rela- 
tively good  condition  of  stub  8.  All  of  the  stubs  of  parking  apron  1 
had  a tar  rejuvenator  applied  in  1971.  Parking  apron  2 is  the  same  type 
of  facility  as  parking  apron  1.  The  south  portion  of  taxiing  area  had  a 
chip  seal  coat  applied  during  the  time  of  this  survey.  The  PCC  taxiway 
portion  of  apron  2 was  in  poor  condition  structurally . The  bituminous 
concrete  parking  stubs  of  this  apron  were  in  fair  condition.  Photo  10 
shows  the  condition  of  stub  23,  which  was  typical  of  the  flexible  pave- 
ment stubs  in  this  apron.  The  PCC  stubs  were  in  poor  to  fair  condi- 
tion. The  stubs  of  parking  apron  3 were  in  fair  to  good  condition, 
as  were  those  of  parking  apron  4.  The  taxiway  portion  of  parking  apron 
5 was  in  fair  condition,  and  the  st  ;bs  were  in  conditions  ranging  from 
poor  to  very  good. 

Alert  facilities 

13.  The  SAC  alert  facilities  were  in  excellent  condition.  These 
facilities  were  not  being  utilised  by  alert  aircraft;  however,  a portion 
of  the  parking  and  maintenance  apron  was  being  used  for  this  purpose. 

The  ADC  alert  facilities  were  in  excellent  condition. 

14.  /H  other  pavement  features  not  specifically  mentioned  in  the 
preceding  paragraphs  were  in  conditions  ranging  from  good  to  excellent, 
except  for  the  calibration  hardstand,  which  was  in  poor  condition. 
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Frost  Action 


o:  ,,'ect  : ve.~  ‘ : :..;i  ■ ■ ;t  1 -a 


1 . Tr  ••  airfiel i pavements  at  LAFD  were  inspected  for  evidence 
of  detrimental  frost  effe -in  on  ;.'U  to  2 6 April  1972  by  a team  from  the 
Hew  England  Division.  Tne  bject ives  of  this  inspection  were  to 
determine  : 


a, .  Any  adverse  effects  of  frost  heave  to  the  pavements  dur- 

ing the  winter  months. 

b.  Any  traffi  - • tuei  i failures  thal  might  be  related  to 
thaw  weakening  of  the  subgrades  r i ase  courses. 


Frost  heave 

16.  The  airfield  pavements  were  examined  for  surface  irregulari- 
ties indicative  of  differential  frost  heaving.  This  inspection  is  be- 
lieved to  have  been  within  the  spring  thaw  period  when  the  effects  of 
nonuniform  frost  heave  would  still  be  apparent. 

17*  Inquiries  were  made  of  base  personnel  regarding  the  develop- 
ment of  undesirable  surface  roughness  during  the  winter.  The  runway  and 
taxiway  pavements  were  found  to  be  smooth,  and  base  personnel  reported 
experiencing  no  problems  with  respect  to  pavement  surface  roughness. 

Minor  'unevenness  was  noted  in  some  of  the  shoulder  pavements,  but  Inis 
was  attributed  to  age  and  low-temperature  contraction  cracking.  The  only 
evidence  of  pronounced  differential  frost  heaving  was  a 2-  to  3- in.  up- 
heaval of  some  light  bases  along  taxiway  A.  It  was  reported  that  a few 
other  light  bases  had  been  replaced  previously  after  heaving  3 on  1 in. 
Studies  by  the  U.  S.  Army  Cold  Regions  Research  and  Engineering  Lab- 
oratory* of  two  rigid  pavements  (features  T6B  and  A2B)  having  combined 
pavement  and  base  course  thicknesses  of  72  in.  indicated  that  with  sub- 
stantial subgrade  frost  penetration,  which  will  occur  even  in  the  milder 


* G.  D.  Gilman,  "Results  of  Instrumentation  of  1958  Rigid  Pavement 
Construction  for  Verification  of  Frost-Condition  Design  Criteria,  Dow 
AFB,  Bangor,  Maine,  and  Loring  APB,  Limestone,  Maine,"  Instruction 
Report  45,  December  1967,  U.  S.  Army  Cold  Regions  Research  and  Engi- 
neering Laboratory,  Hanover,  New  Hampshire . 
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winters,  total  (uniform)  heave  on  the  order  of  l/2  in.,  with  only  slight 
differential  slab  movement,  may  ;ie  anticipated.  Such  heaving  is  gener- 
ally considered  representative  of  other  pavements  at  LAFB  with  com- 
parable combined  thicknesses  of  pavement  and  base  course. 

Freezing  indices 

18.  A freezing  index  of  2656  degree-days  was  used  for  the  design 
of  the  newer  heavy-load  pavements . This  index  represents  the  average 
index  for  1947-48  and  1958-59,  which,  at  the  time  of  pavement  design, 
were  the  t*o  coldest  winters  in  the  past  20  according  to  temperature 
data  from  the  Caribou,  Maine,  Weather  Station.  On  the  basis  of  data 
from  the  same  station,  a design  freezing  index  of  2740  degree-days  is 
computed  as  representing  the  average  of  the  three  coldest  winters  in  the 
past  30  yr.  Average  monthly  temperatures  for  months  entirely  within  the 
freezing  seasons  and  average  daily  temperatures  for  the  transition 
months  at  both  ends  of  the  freezing  seasons  were  used  in  these  design 
index  determinations. 

19.  Seasonal  freezing  indices  since  the  1956-57  winter  and  the 
30-yr  mean  index  are  tabulated  below.  These  values  are  based  entirely 
on  average  monthly  temperatures . 


Freezing 

Season 

Freezing 

Index 

degree -days 

Freezing 

Season 

Freezing 

Index 

degree -days 

1957-58 

1302 

1965-66 

1766 

1958-59 

2585 

1966-67 

2048 

1959-60 

1685 

1967-68 

2013 

1960-61 

2244 

1968-69 

1668 

1961-62 

1718 

1969-70 

1890 

1962-63 

2235 

1970-71 

2194 

1963-64 

2011 

1971-72 

2757 

1964-65 

2044 

30-yr  mean 

199^ 

Indices  determined  solely  on  the  basis  of  average  monthly  temperatures 
generally  reflect  somewhat  lower  values  than  those  computed  with  con- 
sideration given  to  average  daily  temperatures  for  the  two  transition 
months.  The  tabulated  indices,  however,  do  indicate  the  relative  se- 
verity of  winters  during  the  period  of  heavy-load  aircraft  operations . 
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The  two  coldest  winters  daring  this  period  (1971-7?  arid  1958-59)  "were 
also  the  coldest  and  third  coldest,  respectively,  in  the  past  30  yr. 

20.  In  view  of  the  fact  that  the  freezing  index  for  the  winter 

preceding  this  inspection  exceeded  the  design  freezing  index,  the  gen- 
eral absence  of  differential  heaving  of  the  heavy -load  pavements  is  sig- 
nificant. The  combined  pavement  and  base  thickness  required  for  the 
prevention  of  subgrade  freezing  in  the  design  year  is  about  1U0  in., 
and  the  thickness  required  in  accordance  with  limited  subgrade  frost 
penetration  design  is  about  101  to  106  in.  The  specific  penetration  is 
dependent  on  the  moisture  content  and  density  of  +ue  base  course  and 
subbase  and,  to  some  extent,  on  the  pavement  thickness.  Gin  e the  ac- 
tual combined  thicknesses  of  these  pavements  ruiige  frcr  <>7  * 7^  in., 

suostantial  subgrade  freezing  would  be  expected  even  during  ne  milder 
winters.  (A  72-in.  combined  thickness  is  the  maximum  permitted  solely 
for  frost-condition  design  purposes  without  specific  approval  of  the 
Chief  of  Engineers.)  Al1  evidence,  however,  indicates  that  frost  i.eav- 
ing  has  been  remarkably  uniform  and  has  had  no  significant  effect  upon 
development  of  surface  roughness. 

Groundwater 

21.  It  is  reported  (see  subparagraph  6a(l))  that  the  groundwater 
table  is  seasonally  within  2 ft  of  the  surface  at  LAFB.  Beneath  the 
airfield  pavements,  however,  subsurface  water  levels  are  controlled  by 

a system  of  underdrains  designed  to  maintain  these  levels  a1  or  slightly 
below  the  subgrade  surface.  It  is  probable,  however,  that  groundwater 
does  reach  a somewhat  higher  level  and  that  the  lower  base  courses 
become  saturated,  a condition  which  would  res'ilt  in  shallower  subgrade 
frost  penetrations  than  would  occur  if  the  base  courses  had  low  mois- 
ture content. 

Thaw  weakening 

22.  The  extent  of  thaw  weakening  of  the  subgrade  and  base  courses 
could  not  be  readily  determined  by  inspection  of  the  pavements.  Pave- 
ment failures  are  usually  repaired  soon  after  they  occur  and  are  not 
easily  examined  during  a condition  survey.  Also,  it  is  often  impos- 
sible to  establish  by  inspection  whether  a failure  is  the  result  of  thaw 


8 


3 


l 


[ 


weakenin'  or  of  deficiencies  in  the  quality  or  thickness  of  the  various 
layers  of  the  pavement  structure.  The  decree  of  thaw  weakening  and  its 
effects,  if  any,  on  the  condition  of  the  pavements  at  LAFB  consequently 
could  not  be  appraised  solely  by  this  inspection.  Come  limited  percep- 
tion of  the  severity  of  any  thaw  weakening  effects  can  be  gained,  how- 
ever, by  comparing  the  performance  of  certain  pavement  features  with 
what  might  be  expected  in  the  light  of  current  frost  design  criteria. 

A 72-in.  combined  thickness  of  pavement  and  nonfrost-susceptible  base 
course  is  the  maximum  permissible  under  Corps  of  Engineers  criteria 
solely  for  frost-condition  design  without  approval  of  the  Chief  of  En- 
gineers. At  LAFB,  some  of  the  pavement  features  meet  or  slightly  ex- 
ceed this  72-in.  limitation.  Although  substantial  subgrade  frost  pene- 
tration has  occurred  under  72-in.  pavement  structures  during  most  winters 
(see  paragraph  20),  the  performance  of  these  pavements  indicates  that, 
for  the  uniform  subgrade  soil  and  water  conditions  at  LAFB,  thaw  weaken- 
ing is  not  significant.  Therefore,  in  table  4,  the  load-bearing  capac- 
ities of  features  providing  72  in.  or  more  combined  thickness  of  pavement 
and  nonfrost -susceptible  base  have  not  been  reduced  for  frost-condition 
operations . 

23.  Flexible  pavements . The  principal  heavy -load  pavements  con- 
sist of  the  parking  and  maintenance  apron  (feature  A9B),  the  runway  in- 
terior (features  RoC,  R8C,  and  R10C),  taxiway  A (features  T7A  and  T8AJ, 
taxiways  B and  C (feature  T11C),  portions  of  taxiways  D,  E,  and  F (fea- 
tures T19A  and  T10A),  parking  apron  1 (feature  Tl6A),  and  a portion  of 
parking  apron  2 (feature  T17A).  Cracks  have  developed,  particularly  in 
the  area  adjacent  to  the  center  lines  of  the  runway  interior,  in  taxi- 
ways A and  E,  in  parking  apron  1,  and  in  hangar  apron  1 (feature  A12B). 
These  pavements  were  designed  for  150,000-  and  l80, 000-lb  gear  loads. 

In  terms  of  the  current  normal  (nonfrost)  heavy -load  design  criteria 
(265,000-lb  gear  loads),  they  are  deficient  by  1 to  4 in.  of  100  CBR 
base  course  material;  and,  except  for  the  runway  interior  (which  has 
been  strengthened  with  3-in.  AC,  they  are  deficient  by  1 to  2 in.  in  AC 
thickness.  The  runway  interior  (features  R6C,  R8C,  and  R10C)  has  exper- 
ienced intensive  traffic  of  B-52  aircraft,  the  loads  of  which  are  within 
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its  evaluated  capacity.  The  bearing  capacities  of  these  runway  features 
were  not  reduced  in  table  4 for  frost-conditior.  operation,  since  their 
combined  thickness  of  pavement  and  nonfrost-susceptible  base  course  ap- 
proaches or  exceeds  72  in.  The  same  aircraft  overloads  taxivays  A,  D, 

”,  and  F and  parking  aprons  1 and  2 (features  T7A,  T8A,  T10A,  Tl6A, 

T17A,  and  T19A)  during  the  normal  period  and,  to  a greater  extent,  does 
so  for  frost-condition  operations.  Cracking  in  the  flexible  pavements 
is  extensive,  with  the  most  general  pattern  being  a system  of  transverse 
and  longitudinal  cracks.  This  pattern  is  typical  of  low- temperature 
contraction  cracking,  which  is  believed  to  represent  the  principal 
cracking  mode  at  LAFB.  Random  cracking  and  a few  areas  having  map 
cracking  were  also  noted.  The  latter,  as  well  as  some  of  the  longitu- 
dinal wheel-path  cracks  found  in  localized  areas,  may  be  attributed  to 
repetitive  (channelized)  loadings,  particularly  during  frost-melting 
period:  . Differential  frost  heave,  although  not  indicated  to  be  pro- 
nounced, also  may  be  a contributing  cause  of  some  of  the  random  cracking 
observed  on  many  pavement  features. 

24.  Rigid  pavements.  The  only  principal  rigid  pavement  features 
having  slab  thicknesses  that  conform  with  current  criteria  for  cur- 
rent normal-period,  heavy-load  design  (265, 000- lb  gear  loads)  are  the 
19- in.  SAC  alert  facility  (features  T5B  and  AI3B),  the  18-  and  19- in. 
south  end  of  the  runway  (features  R3A  and  R4b),  and  the  20- in.  portion 
of  the  south  approach  taxiway  extension  (feature  T3A).  The  other  prin- 
cipal heavy-load  pavements  were  designed  for  100,000-lb  gear  loads  and 
have  15-in.  pavements.  'These  features,  which  include  the  1000-ft-long 
north  end  of  the  runway  (features  R1A  and  R2B),  parking  apron  3 (fea- 
ture T15A),  the  north  connecting  taxiway  (feature  T2A),  portions  of 
taxiway s D,  E,  F,  and  G (feature  T1A),  and  part  of  parking  apron  2 
(feature  T14A),  are  2 to  5 in.  deficient  in  pavement  thickness  for  cur- 
rent normal -period,  heavy -load  design.  All  of  the  pavements  mentioned 
above,  except  the  SAC  alert  facility,  are  also  deficient  by  2 to  5 in. 
in  combined  pavement  and  nonfrost-susceptible  base  course  thickness 
with  respect  to  the  72-in.  maximum  thickness  required  for  limited  sub- 
grade frost  penetration  design. 
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25*  The  SAC  alert  facility  (features  T5B  and  A13B)  and  the  south 
warm-up  apron  extension  and  approach  taxiway  (feature  T6b)  (feature  T6B 
is  not  part  of  the  primary  heavy-load  pavement  system)  are  not  over- 
loaded by  B-52  aircraft'  traffic.  The  frost-condition  bearing  capacity 
was  not  reduced  for  these  features,  since  they  incorporate  a 72-in.  com- 
bined thickness  of  pavement  and  nonfrost-susceptible  base  course.  These 
pavements  were  in  very  good  to  excellent  condition. 

26.  Extensive  longitudinal  and  random  cracking  and  spalling  of 
joints  had  developed  in  the  15- in.  PCC  pavement  at  the  1000- ft -long 
north  end  of  the  runway  (features  R1A  and  R2B)  and  in  the  15- 5 18-,  and 
19-in.  PCC  pavements  at  the  south  1000-ft-long  end  of  the  runway  (fea- 
tures R5D,  R4B,  and  R3A,  respectively).  Deep,  wide  structural  longi- 
tudinal cracks  on  either  side  of  and  parallel  to  the  runway  center  line, 
many  of  which  had  been  sealed,  were  particularly  evident.  Intermittent 
structural  cracking  was  observed  along  the  center  line  of  the  15-in.  PCC 
pavement  of  taxiways  D,  E,  and  F (feature  T1A),  in  the  north  connecting 
taxiway  (feature  T2A),  and  along  the  center  line  of  parking  aprons  2 
and  3 (features  Tl4A  and  T15A).  Random  diagonal  cracking  with  joint 
spalling  was  also  noted.  Random  cracking,  heavy  scaling,  and  joint 
spalling  were  also  onserved  in  the  15-in.  PCC  DC  hangar  apron  pavements 
(feature  A6b).  PCC  transition  slabs  abutting  the  AC  pavements  were  gen- 
erally severely  cracked,  and  the  adjacent  AC  pavements  were  also  se- 
verely damaged.  This  condition  was  especially  evident  at  the  junction 
of  the  DC  hangar  apron  (feature  A6b)  and  the  parking  and  maintenance 
apron  (feature  A9B). 

27.  The  18-  and  19- in.  pavements  of  the  1000-ft-long  south  end 
of  the  runway  (features  R4B  and  R3A)  would  jn  the  basis  of  the  physical 
property  data  in  table  2 be  expected  to  perform  better  than  the  15- in. 
pavements.  The  overall  structural  condition  of  features  R3A  and  R4B, 
however,  was  only  poor  to  fair  (paragraph  10 ).  These  features  were  re- 
constructed by  the  Air  Force  to  replace  the  previous  15-in.  slabs.  The 
flexural  strength  of  680  psi  for  features  R3A  and  R4B  in  table  2 is  the 
same  value  assigned  to  these  features  prior  to  reconstruction  (15-in. 
PCC)  in  the  i960  evaluation  (see  subparagraph  6b (3 ) ) • Possibly  the 
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actual  flexural  strength  of  the  reconstructed  slal  s is  lower;  accord- 
ingly, the  possibility  exists  that  these  features  are  deficient  in  pave- 
ment thickness  for  current  hcavy-load  design. 

28.  The  majority  of  the  major  structural  defects  observed  in  the 
rigid  pavements  were  typical  of  load- induced  rather  than  frost- related 
distress  and  are  considered  principally  to  be  the  result  of  channelized 
traffic.  Acceleration  of  distress  in  the  15-in.  pavements,  and  possibly 
in  the  18-  and  19- in.  pavements  of  the  south  runway  end,  as  a result  of 
overloading  is  indicated. 

Maintenance 


29.  The  history  of  airfield  pavement  maintenance  at  LAFB  through 
30  June  1972  is  presented  in  Appendix  A.  Costs  of  pavement  maintenance 
for  FY  1970,  1971,  and  1972  were  as  follows: 


Fiscal 

Year 

1970 

1971 

1972 


Contract 

Maintenance 

$ 67,320 
261,854 
35 >102 


In-house 

Maintenance 

$5^,193 

59,210 

38,026 


Total 

$121,513 

321,064 

73,128 


Maintenance  performed  since  1 July  1972  includes  overlays  of  the  in- 
terior of  the  runway  and  the  flexible  portion  of  taxiway  D.  Chip  seal 
coats  have  been  applied  to  a portion  of  taxiway  A,  part  of  parking 
apron  1 taxiway,  and  part  of  parking  apron  2 taxiway. 

Evaluation 


30.  A summary  of  the  pavement  evaluation  is  presented  in  table  4. 
Previously  published  pavement  evaluations  were  updated  to  eliminate  air- 
craft that  are  no  longer  in  the  Air  Force  inventory  and  to  include  air- 
craft that  have  been  added  to  the  inventory  since  the  last  pavement 
evaluation.  The  evaluation  is  based  on  the  pavement  thickness,  flexural 
strength  (PCC),  base  and  subbase  thickness  and  strength,  strength  of  the 
subgrade  (CBR  or  k value),  and  the  structural  condition  of  the  pavement. 
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Conclusions 


31.  The  following  statements  summarize  the  findings  of  this 
invest igation : 

a.  The  PCC  pavements  of  the  primary  heavy-load  system  con- 
tained many  structural  defects.  Hie  majority  of  these 
defects  were  apparently  caused  by  channelized  traffic. 

b.  The  AC  pavement  of  the  runway  should  be  in  excellent  con- 
dition, since  a 3- in*  overlay  was  being  placed  at  the 
time  of  this  survey. 

c.  The  tar  rejuvenator  applied  to  the  parking  and  mainte- 
nance apron  appeared  to  have  filled  the  smaller  cracks 
and  partially  filled  the  larger  ones . 

d.  Most  of  the  AC  pavements  contained  longitudinal  and 
transverse  cracks  that  are  normally  associated  with  cold 
temperatures.  Some  map  cracking,  which  can  be  caused  by 
channelized  traffic,  was  noted. 

e.  The  majority  of  the  major  structural  defects  in  the  PCC 
pavements  were  load  induced  rather  than  frost  related. 
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Bicycle  art  angement : , TOO-lb 

gear  load 

Tricycle  a raj-gemer.*  : l.^OO-lb, 

single-  • eel  load  with  200-psi 
tire  pressure  . 

bicycle  irangemen*  : ?65,000-lt 

gear  1 -h  : on  twin -twin  w?  eel  r 
spaced  17-62-37  in.  and  267- 
sq-in.  -r’act  area  per  tire 
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oT  • sh*et: 


SUMMARY  OF  PHYSICAL  PROPERTY  DATA 
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SUMMARY  OP  DATA  - RIGID  PAVEMENT  CONDITION  SURVEY 


WF  S FORM  NO.  'U  of  ^ ts 

JUN  1972  2 0 04 


lenotes  allowable  gross  loading  less  than  minimum  gross  weight  of  any  ex' 


Summary  of  pavemfnt  evaluation 


Photo  1 . Crack  on  AC  portion  of  N-S  runway 
near  north  end 


Photo  2.  Cracking  on  N-S  runway  near 
north  end  of  AC  pavement 


Photo  5-  Cracks  in  taxiway  G 


Fhoto  6.  Cracks  in  north  connecting  taxiway 


Photo  7 
apron . 


Rioto  8.  General  view  of  parking 
and  maintenance  apron 


LEGEND 


PORTLAND  CEMENT  CONCRETE  (PCC) 

ASPHALTIC  CONCRETE  (AC) 

REINFORCED  PORTLAND  CEMENT  CONCRETE  (RPCC) 
DOUBLE  BITUMINOUS  SURFACE  TREATMENT  (DBST) 

Blast  pavement  (ac -non  traffic) 


FEATURE  DESIGNATION  (SEE  NOTE  i) 

surface  pavement  thickness  and  type 


*AiH*  £ 


TYPE  OF  FEATURE 
R - Runway 
T - TAXIWAY 
A- APRON 

T*Pf  TRAFFIC  AREA  (SEE  NOTE  2) 


vicinity  map 

scale  in  miles 


A- A TYPE  TRAFFIC  AREA 
B-B  TYPE  TRAFFIC  AREA 
C-C  type  traffic  AREA 
D-D  TYPE  TRAFFIC  AREA 
X-NO  TRAFFIC  TYPE  ASSIGNED 

►-  DIRECTION  OF  SURVEY 


NOTES  I FEATURE  DESIGNATION  DEI 
NUMBER  OF  FEATURE  FOR 
OF  TRAFFIC  AREA. 

2 TRAFFIC  AREA  DESlGNATM 
HEAVY-LOAD  CRITERIA. 


INATION  DENOTES  TYPE  OF  FEATURE 
ATURE  FOR  GIVEN  TYPE,  AND  TYPE 

CA. 

, DESIGNATIONS  ARE  BASED  ON 
H1TERIA. 


LORING  AFB 

AIRFIELD  LAYOUT  AND  PAVEMENT  PLAN 
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